Abstract: Angiotensin II receptor blockers (ARB) are widely used drugs that are proven to reduce cardiovascular disease events; however, several recent meta-analyses yielded conflicting conclusions regarding the relationship between ARB and cancer incidence, especially when ARB are combined with angiotensin-converting enzyme inhibitors (ACEI).
INTRODUCTION

I
n the last decades, renin-angiotensin system blockers have been proven in randomized controlled trials (RCT) to prevent cardiac events. One of the most widely used drug classes among the renin-angiotensin system blockers are the angiotensin II receptor antagonists (angiotensin II receptor blockers [ARB] ). ARB are considered to be important therapeutic and preventive tools in multiple clinical settings because of their good tolerability and safety. 1 However, there are conflicting conclusions about the relationship between ARB and cancer incidence. A 2010 meta-analysis of 5 trials reported a modestly increased risk of new cancer occurrence associated with ARB (relative risk [RR] 1.08, 95% confidence interval [CI] 1.01-1.15). 2 Later, another 2 meta-analyses performed by Bangalore et al 3 of 14 RCTs and the ARB Trialists Collaboration 4 of 15 RCTs showed no excessive risk of cancer associated with ARB (odds ratio [OR] 0.98, 95%CI 0.93-1.03 and OR 1.00, 95%CI 0.95-1.04, respectively). Moreover, the results regarding cancer risk associated with the combination of angiotensin-converting enzyme inhibitors (ACEI) and ARB therapy reported by 2 meta-analyses were also inconsistent. In Bangalore et al's study, 3 this combination was associated with increased cancer risk compared to placebo (OR 1.14, 95%CI 1.02-1.28) in 1 model but not in other models (random-effects models). This increased risk was not observed in the ARB Trialists Collaboration study. 4 A combination of ACEI and ARB was commonly used in trials included in these analyses due to background ACEI use either by design or as concomitant therapy. [5] [6] [7] [8] [9] [10] With the aim of investigating the risk of cancer in patients taking ARB at different background ACEI levels, we conducted a meta-analysis of published RCT.
METHODS
Study Selection
We performed a systematic literature search of PubMed and EMBASE from 1966 to December 17, 2015. Our search strategy used the following medical subject headings and text keywords: ''ARB,'' ''angiotensin receptor blocker,'' ''angiotensin receptor blockers,'' ''angiotensin receptor antagonists,'' ''angiotensin receptor antagonist,'' ''angiotensin II receptor blocker,'' ''angiotensin II receptor blockers,'' ''candesartan,'' ''eprosartan,'' ''irbesartan,'' ''losartan,'' ''olmesartan,'' ''tasosartan,'' ''telmisartan,'' and ''valsartan.'' Searches included a filter to limit studies to those that included humans and RCTs. No language or additional limits were included. Reference lists of reviews and included articles were also examined for additional studies.
All potentially relevant articles were reviewed independently by 2 investigators (Y-TZ and P-YL). To be eligible for inclusion in this meta-analysis, trials had meet the following criteria: RCT, placebo-or ACEI-treatment controlled, mean or median follow-up of at least 1 year, at least 100 patients enrolled, and data reported regarding the incidence of cancer diagnosis.
As the present meta-analysis was performed based on previous published studies, ethical approval and patient consent were not necessary.
Data Extraction
All data were independently abstracted and verified by 2 investigators (Y-TZ and P-YL). The following information was extracted from each study: year of publication, study population, age, sex, smoking status, sample size, duration of patient follow-up, specific ARB used, and number of cancers. In cases in which there was more than 1 published report on the same population or group of patients, the most recent article was selected for analysis.
Trial eligibility and risk of bias and trial data were assessed independently by Y-TZ and LW. Any disagreements between the assessors were resolved by discussing the item until a consensus was reached. Y-TZ and LW assessed the risk of bias in the trials by considering the following questions regarding potential sources of bias, as outlined in the Cochrane Handbook for Systematic Reviews of Interventions: 11 How was the group allocation sequence generated? How was group allocation concealed? How were participants, personnel, and outcome assessors blinded with respect to allocation? Was the data regarding outcome complete? Was there selective reporting of outcome? Did further sources of bias exist? If a trial had a high or unclear risk of bias with respect to the first 3 potential sources of bias, we placed it in the ''high risk of bias'' category. If a trial did not appear to have a high or unclear risk of bias with respect to the first 3 potential sources of bias, we considered it to be at low risk for bias.
Statistical Analysis
We performed statistical analyses with 2 Â 2 tables on the basis of an intent-to-treat analysis. To estimate heterogeneity, we used I 2 , which measures the percentage of total variation across trials. I 2 was calculated as follows: 100.0% Â (Q À df)/Q, where Q is the Cochran heterogeneity statistic. I 2 percentages of >25% and >50% were interpreted as indicators of moderate and substantial heterogeneity, respectively. Pooled RRs were estimated by a random-effects model with the Mantel-Haensel method, which considers betweenstudy heterogeneity. We assessed publication bias using the Begg funnel plot and Egger test. If publication bias exists, the Begg funnel plot is asymmetric or the Egger test is P < 0.05. We assessed publication bias with a funnel plot and the Begg rank correlation method (P < 0.05 indicates significant bias). 12 All reported P values are 2-sided, with significance set at P < 0.05. Stata version 11.0 (Stata Corp, College Station, TX) and RevMan software (Version 5.1. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2011) were used for all calculations. Figure 1 shows the stages of the systematic review process, which was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement. 13 Of the 2754 citations initially identified after duplicate citations were removed, full-text versions of 36 potentially relevant studies were retrieved for detailed evaluation. Ultimately, 19 RCTs met the inclusion criteria and were included in our systematic review 5 -10,14-24 ( Figure 1 ). All trials included reports of the incidence of cancer diagnosis. Patient enrollment ranged from 772 to 20,332. The mean patient age range was 31.7 to 69.6 years, and the participants were mostly men. All trials randomized patients to active ARB, placebo, ACEI, or a combination of ARB and ACEI. Characteristics of the trials are summarized in Table 1 .
RESULTS
Search Results
In consideration of the background ACEI therapy bias and previous reported uncertain risk in the ARB and ACEI combination therapy group, we conducted comparisons of the ARB and control groups by dividing the combination therapy group into 3 subgroups: ARB alone versus placebo alone, ARB alone versus ACEI alone, ARB versus placebo with partial use of ACEI in both groups, and combination therapy versus ACEI.
ARB Alone Versus Placebo Alone (Without Background ACEI)
Seven trials (Candesartan in Heart failure Assessment of Reduction in Mortality and morbidity [CHARM]-alternative, 14 DIabetic REtinopathy Candesartan Trials overall, 15, 16 Irbesartan Diabetic Nephropathy Trial, 17 Nateglinide and Valsartan in Impaired Glucose Tolerance Outcomes Research (NAVIGA-TOR), 8 Study on Cognition and Prognosis in the Elderly, 18 Telmisartan Randomised AssessmeNt Study in ACE iNtolerant subjects with cardiovascular Disease, 19 and Trial of Preventing Hypertension) 20 were included in the ARB alone versus placebo alone analysis; 6 of them had no ACEI used as background therapy after randomization. The NAVIGATOR 8 trial had a background ACEI therapy ratio of <10% at baseline (ARB group and placebo group 7.6% and 7.0%, respectively); thus, it was also included in this comparison group. The pooled effect on total cancer incidence was borderline significant, with an RR of 1.08 (95%CI 1.00-1.18, P ¼ 0.05). A total of 2028 cancer incidences were detected among the 29,214 participants. No heterogeneity across studies was detected in the analysis (I 2 ¼ 0%). Sensitivity analyses limited to 6 trials without background ACEI therapy did not change the results (5.6% with ARB alone vs 5.0% with placebo alone, I
2 ¼ 4%, RR 1.13, 95%CI 1.00-1.27, P ¼ 0.05) (Figure 2 ).
ARB Alone Versus ACEI Alone
A comparison was made between patients randomized to ARB alone and those treated with ACEI alone in 4 trials: Ongoing Telmisartan Alone and in Combination with Ramipril Global Endpoint Trial (ONTARGET), 22 Optimal Trial in Myocardial Infarction with the Angiotensin II Antagonist Losartan, 23 Valsartan in Acute Myocardial Infarction [VALIANT], 24 and the Heart Institute of Japan Candesartan Randomised Trial for Evaluation in CAD (HIJ-CREATE) Substudy. 21 In the HIJ-CREATE Substudy, 21 patients were randomized to standard therapy (with 70.5% background ACEI treatment) or candesartan-based therapy (with 0.8% background ACEI treatment); therefore, it was also included in this subgroup. In the other 3 trials, patients were randomized to ARB alone or ACEI alone without concomitant therapy. No excess risk of cancer was observed in this comparison: 4.7% for ARB alone versus 4.6% for ACEI alone (RR 1.03, 95%CI 0.94-1.14, P ¼ 0.50). When the comparison was restricted to the 3 trials ONTARGET, 22 Optimal Trial in Myocardial Infarction with the Angiotensin II Antagonist Losartan, 23 and VALIANT, 24 the calculated effects estimate did not change (4.7% with ARB alone vs 4.5% with ACEI alone, I 2 ¼ 0%, RR 1.04, 95%CI 0.94-1.15, P ¼ 0.43) (Figure 2 (Figure 2 ).
ARB Plus ACEI Versus ACEI
Data from 4 trials (Val-HeFT, 10 CHARM-added, 25 VALI-ANT, 24 and ONTARGET) 22 were used for comparisons of combination therapy versus ACEI. All of these trials had a background ACEI therapy percentage of almost 100%, except for Val-HeFT, 10 where it was 92.6% and 92.8% in the ARB and placebo groups, respectively. There was no significant difference with respect to the development of new cancer in patients randomized to combination therapy: 5.4% with ARB plus ACEI versus 5.1% with ACEI (RR 0.99, 95%CI 0.79-1.24, P ¼ 0.95) by random-effects model. A high level of heterogeneity (I 2 ¼ 72%, P ¼ 0.01) was detected in these trials. Sensitivity analyses that excluded Val-HeFT 10 showed similar results: 5.4% with ARB plus ACEI versus 5.0% with ACEI (I 2 ¼ 77%, RR 1.02, 95%CI 0.74-1.40, P ¼ 0.90) (Figure 2 ).
DISCUSSION
In contrast to previous meta-analysis, 2-4 we used stricter criteria in the present study: first, we excluded studies that included the use of active medication other than ACEI as a control. For example, the LIFE 26 study, which randomized patients to losartan and atenolol, was not included in our analysis; however, the data from this study were used in three previous meta-analyses. [2] [3] [4] Second, due to discrepancies in the cancer incidence in association with combination therapy of ARB and ACEI in earlier meta-analyses, we subdivided trials into 3 groups based on their background ACEI level (no ACEI use, partial ACEI use, and 100% ACEI use). Third, the Valsartan in a Japanese population with hypertension and other cardiovascular disease (JIKEI) 27 and KYOTO Heart 28 studies included in the meta-analysis by Bangolore et al 3 were retracted from publications due to unreliable data and were thus excluded from our analysis. Therefore, our meta-analysis provided further evidence that ARB use is not associated with a decreased or increased risk of cancer compared to control groups with or without background ACEI use. Similarly, treatment with ARB compared to ACEI was not associated with detectable differences in cancer incidence.
We did not find a significant increase in cancer risk among patients who took ARB alone compared to those who took placebo alone, either by primary analysis or additional sensitivity analysis. This finding differed from the findings reported by Sipahi et al 2 and was in line with the results from 2 more recent meta-analyses. 3, 4 Our study differed from all of these earlier meta-analyses in that we restricted our analysis to trials that compared ARB to placebo only with background ACEI contamination of <10%. In sensitivity analyses, we limited the included studies to placebo-controlled trials without any background ACEI used in patient arms; this did not change the results. In Sipahi et al's study, 2 only the ONTARGET study was used to compare combination therapy with ACEI alone. In the ART meta-analysis, 4 data from seven trials (ONTARGET, 22 PRoFESS, 9 ACTIVE I, 5 I-PRESERVE, 7 Val-HeFT, 10 VALI-ANT, 24 and CHARM-Added) 25 were pooled together. However, in our study, trials with low levels of ACEI use were excluded (PRoFESS 9 36.8% and 37.0%, ACTIVE I 5 60.2% and 60.4%, and I-PRESERVE 7 25% and 25% for ARB and control, respectively). Thus, only 4 trials (ONTARGET 22 100% and 100%, Val-HeFT 10 92.6% and 96.8%, VALIANT 24 100% and 100%, and CHARM-Added 25 100% and 99.8% for ARB and control, respectively) were included in this comparison. Moreover, our sensitivity analyses were limited to trials (ONTAR-GET, 22 VALIANT, 24 and CHARM-Added) 25 with almost 100% ACEI use in both arms.
Our comparison of ACEI alone with ARB alone yielded results that were consistent with those of a previous study by the ARB Trialists Collaboration. 4 Despite the similar results, the trials selected for this comparison in our study were different from those included in the ARB Trialists Collaboration. 4 Background ACEI use contamination was not allowed in our analysis, except for the HIJ-CREATE Substudy, 21 which was excluded from our sensitivity analysis.
Angiotensin II binds to different subtypes of the receptors AT 1 and AT 2 . 29 Experimental data [30] [31] [32] have demonstrated that angiotensin II may have a role in cell growth and proliferation and in angiogenesis, mainly through angiotensin II type I receptor (AT 1R ) signaling. Long-term antagonism of the AT 1 receptor by ARB may result in persistent activation of AT 2 receptor signaling, the role of which has not yet been established in cancer. 29 Some studies [33] [34] [35] suggest that AT 2 receptor stimulation results in an antitumor effect, while others indicate that AT 2 has protumor effects. 36, 37 Additionally, Dabul et al 38 elucidated that candesartan and valsartan were the most potent at blocking angiotensin II-induced b-arrestin-1 activation at AT 1 receptor. Meanwhile, there are increasing evidences that nuclear b-arrestin-1 contributes to tumor growth, invasion, and metastasis in multiple malignancies such as breast cancer, colorectal cancer, lung cancer, and prostate cancer. A possible explanation for these contradictory observations is that AT 2 receptors may achieve an AT 1 receptor-like phenotype under pathological conditions. 39 The complicated biological effects underlying the blocking of AT 1 and the activation of AT 2 by means of ARB could explain its neutral effects on cancer risk. Our meta-analysis has several limitations. First, most of the RCT had a limited follow-up period of 1.9 to 5 years. The time frame required for cancer development may exceed the follow-up time in many of the RCT. Second, despite the differences among studies with respect to the drugs and dosages administered, all of the drugs, both ARB and ACEI, have historically been regarded as being very similar. Pharmacologically, this is incorrect and may, therefore, have had a variety of effects on risk. Third, there was a large amount of heterogeneity between the ARB plus ACEI versus the ACEI group. We could not determine the origin of this heterogeneity. A possible explanation is the limited number of RCT included in this analysis group.
In conclusion, the results of our meta-analysis suggest that treatment with ARB had a neutral effect on cancer incidence in RCT. Moreover, no significant increases were observed in cancer incidence when we compared ARB with placebo or with, without, or with partial background use of ACEI.
